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Objectives: Deep vein thrombosis (DVT) is a major source of postoperative morbidity and mortality and is currently a 
major quality improvement initiative. Mechanical and pharmacological prophylaxis is effective in preventing postopera- 
tive thromboembolic events, yet it remains underutilized in the clinical setting. Thus, the objective of this study was to 
develop and implement a computerized DVT risk assessment program in the electronic medical record and determine its 
effect on compliance with DVT prophylaxis guidelines. 

Methods: A standardized DVT risk assessment program was developed and incorporated hito the Computerized Patient 
Record System for all surgical patients at the Jesse Brown Veterans Affairs Medical Center. Four hundred consecutive 
surgical patients before and after implementation were evaluated for DVT risk, the prescription of pharmacological and 
mechanical DVT prophylaxis, and the development of thromboembolic events. 

Results: With implementation of the DVT risk assessment program, the number of patients receiving the recommended 
pharmacological prophylaxis preoperatively more than doubled (14% to 36%) (P < .001), and use of sequential 
compression devices (SCD) increased 40% (P < .001). Overall, the percentage of at-risk patients receiving the 
recommended combined DVT prophylaxis of SCD and pharmacological prophylaxis increased nearly seven-fold ( 5% to 
32%) (P < .001). The assessment also improved use of prophylaxis postoperatively, increasing SCD use by 27% (P < 
.001). With respect to DVT occurrence, there was an 80% decrease in the incidence of postoperative DVT at 30 days and 
a 36% decrease at 90 days; however, this did not reach statistical significance due to the low event rate. 
Conclusions: The creation and implementation of a standardized DVT risk assessment program in the electronic medical 
record significantly increased use of pharmacological and mechanical DVT prophylaxis before surgery in a Veterans 
Affairs Medical Center setting. ( J Vasc Surg 2010;51:648-54.) 



Deep vein thrombosis (DVT) is a major postoperative 
complication that has been estimated to occur in up to 40% 
of patients without prophylaxis. 1 The morbidity and mor- 
tality associated with thromboembolic events is high, with 
28-day fatality rates reported as 9% for DVT and 15% for 
pulmonary embolism (PE). 2 

Fortunately, DVT can be largely prevented with me- 
chanical and pharmacological prophylaxis, and múltiple 
guidelines have been established to stratify patients based 
on DVT risk and have recommended appropriate preven- 
tion measures. 37 While these guidelines provide refined 
strategies for DVT risk assessment and prophylaxis, they are 
difficult to implement in the clinical setting and compliance 
is poor. Thus, DVT leading to PE remains the number one 
preventable cause of hospital death. 3 

Given the great mortality and cost, it is not surprising 
that venous thromboembolism (VTE) prevention is cur- 
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rently a major quality improvement initiative. In the past, 
many of the longstanding quality improvement initiatives, 
including the National Surgical Quality Improvement Pro- 
gram (NSQIP), have looked at the rate of VTE events 
mainly as an outcome measure. 8 More recently, the Joint 
Commission of Accreditation of Healthcare Organizations 
(JCAHO), the National Quality Forum, and the Surgical 
Care Improvement Program (SCIP) have worked to mán- 
date VTE risk assessment and prophylaxis administration 
for all surgical patients. As of May 2009, VTE prevention 
became one of the core measures utilized by JCAHO for 
quality assessment. 9 

While these measures highlight the importance of VTE 
prophylaxis, they do not specifically address the difficulties 
with implementing DVT prophylaxis on a large scale — 
namely that DVT prophylaxis guidelines contain long lists 
of risk factors and complex risk stratification and prophy- 
laxis dosing, which can be cumbersome to use in the clinical 
setting for every patient. 3 

The advent of electronic medical records presents an 
opportunity to uniformly implement DVT prophylaxis for 
all patients. It has been demonstrated that computer-based 
clinical decisión support systems are among the most effec- 
tive strategies for increasing adherence to DVT prophylaxis 
guidelines and increasing prophylaxis prescription. 10 " 13 
Despite this, few hospitals with electronic medical records 
have systems in place that directly address the problem of 
DVT prophylaxis and work to increase compliance. Fur- 
thermore, of the systems that have been implemented, 
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many include only electronic reminders that patients are 
considered at-risk for DVT, but do not outline the reasons 
why the patients are at high risk and do not give specific 
guidelines for prophylaxis or aid in dosing. 10 

In this study, we aimed to increase compliance with 
preoperative DVT prophylaxis administration in surgical 
patients through the use of an automated DVT risk assess- 
ment with order-generating capabilities. We elected to 
study preoperative DVT prophylaxis specifically, as this is 
an important component of prophylaxis that is easily 
missed. The concept of preoperative prophylaxis adminis- 
tration stems from recognition that DVT development 
begins perioperatively and that preoperative prophylaxis 
optimizes anti-thrombotic effectiveness. 1416 Given this 
concept, the vast majority of studies demonstrating the 
efficacy of low-dose unfractionated heparin and low molec- 
ular weight heparin have included an initial dose two hours 
prior to surgery, 1 ' 17 ' 18 and the administration of preoper- 
ative prophylaxis has accordingly become the standard dos- 
ing routine at many hospitals. 

We therefore hypothesized that compliance with rec- 
ommended preoperative DVT prophylaxis for surgical pa- 
tients can be increased by creating and implementing an 
automated DVT risk assessment with order-generating ca- 
pabilities into the electronic medical record. 

METHODS 

This study consisted of three parts. First, a standardized 
DVT risk assessment program for the Computerized Pa- 
tient Record System (CPRS) was created. Second, it was 
incorporated into the Jesse Brown Veterans Affairs Medical 
Center (VAMC) CPRS as part of the mandatory pre- 
surgical assessment completed for all surgical patients. 
Third, a retrospective and prospective review was per- 
formed to examine DVT prophylaxis utilization before and 
after implementation of the assessment. This study was 
approved by the Institutional Review Board of Northwest- 
ern University, Chicago, IL (Protocol #2343-003) and the 
Research and Development Committee of the Jesse Brown 
VAMC, Chicago, IL. 

DVT risk stratification in this study was based on the 
American College of Chest Physicians' guidelines,' 5 which 
have been the basis for recommendations by many quality 
improvement initiatives, including SCIP. While these 
guidelines do not specify pre- vs postoperative timing of 
prophylaxis in most cases, they were used to develop our 
recommended preoperative prophylaxis guidelines for the 
purpose of this study. The Chest guidelines stratify DVT 
risk based on patient age and risk factors and recommend 
appropriate prophylaxis based on risk category. The risk- 
treatment algorithm for our study is shown in Table I. The 
only deviation of this algorithm from the Chest guidelines 
is for the 'Age<40, no risk factors' category, in which the 
Chest guidelines recommend early ambulation only. We 
chose to also recommend sequential compression devices 
(SCD) for this category, given that it comprises a very small 
portion of our patient population and that we preferred to 
err on the side of caution. The list of common DVT risk 



Table I. DVT risk assessment algorithm 



Risk stratification 



Recommended prop 



Age <40, No risk factors 
Age <40, Risk factors present 

Age 40-60, No risk factors 
Age 40-60, Risk factors present 

Age >60, With or without risk 
factors 



Ambulate early, SCD 
Heparin Q12 or Lovenox, 

ambulate early, SCD 
Ambulate early, SCD 
Heparin Q8 or Lovenox, 

ambulate early, SCD 
Heparin Q8 or Lovenox, 

ambulate early, SCD 



DVT, Deep vein thrombosis; SCD, sequt 
every 12 hours; Q8, every eight hours. 

Table II. Risk factors for DVT 
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DVT risk factors 



Obesity(BMI>30) 

Current smoker 

HistoiyofDVT 

History of PE 

History of heart failure 

Recent physkal trauma 

Crohn's disease or ulcerative colitis 

Current cáncer 

Current cáncer therapy 

Serious infection within the last month 

Varicose veins 

Immobilized before surgery 

Currently pregnant or recent pregnancy 

Estrogen hormone replacement therapy 

Oral contraception 



BMI, Body mass Índex; DVT, deep vein thrombosis; PE, pulmonary embo- 
lism. 



factors was compiled based on a survey of múltiple DVT 
prevention guidelines (Table II). 3 " 8 

Our algorithm and DVT risk factor list was incorpo- 
rated into the CPRS electronic medical record at the Jesse 
Brown VAMC as part of the Pre-Admission Testing order 
set that must be completed for every surgical patient before 
a procedure. The DVT assessment portion of this order set 
included the complete list of risk factors and a risk stratifi- 
cation algorithm (Fig 1). Completion of this section was 
mandatory for submission of the Pre-Admission Testing 
order set. An option to opt-out of DVT prophylaxis was 
provided and required the physician to give a reason for this 
decisión. For all other patients, the appropriate orders for 
DVT prophylaxis were automatically generated, based on 
the patient's risk stratification category. These orders in- 
cluded the correct dosing and instructions, and only re- 
quired a physician's signature to become active (Fig 2). 

After this DVT risk- assessment was incorporated into 
the electronic medical record on August 1, 2007, a chart 
review was completed to determine DVT prophylaxis usage 
and DVT incidence at the Jesse Brown VAMC. Eligible 
patients were required to have a surgery in the specialties of 
general surgery, orthopedic surgery, vascular surgery, tho- 
racic surgery, urology, or otolaryngology, as these were the 
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4=¡ Témplate: PRE-ADMISSION TESTING CONSULT 



— B 



DVT RISK ASSESSHBHT: 
Patient is a 35 year oíd HALE 

WEIGHT: 220 Ib [100.0 kg] (04/01/2008 12:37> 
Body Has? Index is 36.6 

RISK FACTORS: (Checfc ALL that apply) 

l~" ohesity (BHI =>30) 

I l±j.st ory oí deep vein throisbosis 

I - history ú£ pulttonsry embolism 

I - curxent snoker 

I - iMiiobile or paraJLyzed 

\ history oí hesrt failure 

I racent physical trauma 

I cuirent cáncer 

I - current cáncer therapy 

I - serious infection within the lase nonth 

I vari cose veins 

~ Crohn's distase ox ulcerativa colitis 

I eurrently pregnant oí had a recent pregnaney 

l~ ascrogon hortaone replacement th.era.py 

I bitth control nedi catión 
[~! NO EN0UN SISK FACTORS 



TREATMENT RECOHMENDATIONS : 
<EA = Early Ambulat.ic.ifi; SCDs 



Sequential Compres si 



*í 



BA and SCDs 
in or Lovenax 



and EA and SCDs 



C A 9« <40, no risk factors (Usted above) 

" Age <4G, one or more risk factors = Hepa 

("* Age 40-60, no risk factors = EA and SCDs 

' Age 40-SO, one or more risk factors - Heparin or Lovenox, and HA and SCDs 

C Age >60, wieh or uithout xisk factors = Heparin or Love-nox, and EA and SCDs 



f I plan to follara che DUT prophylaxis recommendations noted above. 
( Re coronen dad DVT prophylaxis is not optiual m this patiant dua to: 



- 



■ Indícales a Reqdced Rdd 




Fig 1. Screenshot of the electronic DVT Risk Assessment which is part of the mandatory Pre-Admission Testing that 
must be completed for all patients undergoing surgery preoperatively. DVT, Deep vein thrombosis. 



services that completed the Pre-Admission Testing order 
set. Patients were also required to have at least a 24-hour 
hospital stay from the time of surgery in order to assess for 
the administration of postoperative DVT prophylaxis and 
the development of thromboembolic events while an inpa- 
tient. Follow-up data were collected to determine the 30-, 
60-, and 90-day rates of postoperative PE and upper and 
lower extremity DVT. DVT was diagnosed by dúplex ul- 
trasound, and PE was diagnosed by spiral computed to- 
mography sean or high probability ventilation/perfusion 
sean. Data was also collected on postoperative SCD and 
pharmacological prophylaxis ordering based on a review of 
orders in the electronic medical record. Blood product 
administration was recorded to determine if patients met 
the criteria for postoperative bleed, as defined by the Na- 
tional Surgical Quality Improvement Program guidelines 
to be the transfusión of more than four units of blood 
within the 72 hours postoperation. 19 Retrospective review 
of medical records was performed for 400 consecutive 
eligible patients preceding implementation of the algo- 
rithm from March 2007 until July 2007. After implemen- 
tation of the algorithm, the medical records of an additional 



400 consecutive eligible patients were reviewed from Sep- 
tember 2007 to March 2008. Patients for whom the phy- 
sician opted-out of DVT prophylaxis were not included in 
the analysis. Patients undergoing surgery during the month 
of August were also excluded, as the Pre-Admission Testing 
for many of these patients had been completed before 
implementation of the DVT portion of the order set. 

For statistical analysis, a two-tailed t test was used for 
continuous variables and a two-tailed Fisher's exact test was 
used for categorical data. A P valué of <0.05 was consid- 
ered statistically significant. 

RESULTS 

Surgical patients included in this study were on average 
64 years of age (range, 23 to 97 years of age) and had 1.7 
risk factors for VTE (range, to 7; Table III). Of this 
population, 41% were current smokers, and the average 
body mass Índex (BMI) was 28, with 30% having a 
BMI >30. Thirty-four percent of patients had cáncer at the 
time of surgery, of which 53% was adenocarcinoma. The 
number of risk factors as well as the prevalence of any single 
risk factor did not differ significantly between the pre- and 



